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SINCE its design in Victoria in 1965 (by Kevin
Elliott, a mechanical engineer and amateur naturalist), the Elliott trap has become the most commonly used tool for trapping small mammals in temperate Australian environments, and the basis for many ecological studies. Trapping with 'Elliotts' is generally regarded as standard, and no single publication clearly sets out an optimal way of setting traps, or the biases of different modifications.
One obvious but important feature of the Elliott trap is that it can only capture an animal if the animal itself decides to go in the trap. Thus, it becomes particularly important in Elliott trapping to examine the factors that influence the likelihood of an animal entering a trap, and to maximize the chances of it doing so.
In general, various things affect the success of any mammal trapping program, with weather, season, elevation, and habitat type being obvious examples of environmental influences (see review in Smith et al. 1975) . In addition, trapping results are influenced by the methods used, for example, choice of trap and bait (Sealander and James 1958; Gurnell 1976; O'Farrell et al. 1994) . Traps that can be more effective than Elliott traps for certain small mammals in forested Australian environments include: pitfall traps for the eastern pygmy-possum Cercartetus nanus, white-footed dunnart Sminthopsis leucopus, and common dunnart Sminthopsis murina (Bennett et al. 1989; Laurance 1992; Fox 1995) , and wooden nest boxes for arboreal species such as the feathertail glider Acrobates pygmaeus (Ward 2000) and yellowfooted antechinus or mardo Antechinus flavipes leucogaster (Wardell-Johnson 1986) . Most small terrestrial mammals in south-eastern Australia, however, are readily captured in Elliott traps set on the ground, and many scansorial species in Elliott traps mounted on tree brackets (e.g., Laurance 1992).
The arrangement of traps in either a grid or line affects what can be done with the data collected; with a line recommended for inventory or survey (Read 1988; Jones et al. 1996) , detecting movement between habitats, or in linear habitats (Gurnell and Flowerdew 1982) , whilst a grid is recommended for estimation of abundance, densities or movements (Stickel 1948; Smith et al. 1975; Flowerdew 1976) because the area sampled is more readily estimated. Other aspects of the trapping program that must be considered are: trap spacing (Tew et al. 1994) , number of traps, duration of trapping, local placement (e.g., Stewart 1979; Norton 1987) , and whether to re-use traps that have caught animals without washing them.
Every year in Australia a large number of researchers and students carry out Elliott trapping, many theses and publications result, and a large number of animals are affected. Consequently there are strong scientific and ethical reasons to pay more attention to the assumptions involved in this method and to make any improvements possible. As the Elliott trap has now been in wide use for over 35 years, a review is also timely. This paper does not address the full range of issues relating to small mammal trapping, instead it focuses on the importance of various factors that may influence the outcomes of Elliott trapping. We first outline the details of a recent trapping program we carried out, followed by an extended discussion of the relevant literature.
Trapping Program
During a recent four year study on the effects of grazing and fire history on small mammals in northeastern NSW forests (Tasker et al. 1999) , we recorded the highest known densities of the brown antechinus Antechinus stuartii and bush rat Rattus fuscipes -up to 140 A. stuartii per hectare and up to 122 R. fuscipes per hectare (minimum number known to be alive). The study area had been Elliott-trapped previously (NSW NPWS 1994) , and very much lower numbers were found. We made a number of modifications to the 'standard' Elliott trapping technique, and combined these with a suite of small improvements, some of which have been used by others previously, but in many cases never formally described. Although we did not carry out experiments on trapping technique per se, we believe that our results were strongly influenced by the way in which trapping was carried out. This has prompted us to document our technique and to review the literature on the factors that can affect Elliott-trapping.
Our study used 12 small grids (40 x 40 m) of 25 Elliott traps (type A traps 33 x 10 x 10 cm), with each trap spaced 10 m apart (± 2 m, see over). The twelve grids were located in forest dominated by New England blackbutt Eucalyptus campanulata on ridge-tops in the New England Tableland. Half of the sites were grazed by cattle and had an open grassy understorey, the other half were ungrazed and had a dense shrubby understorey. Each site was trapped for four consecutive nights every three months for the first 15 months and then once six months later, also for four consecutive nights. Six of the sites were trapped a further six months later. A trapping period of four nights was chosen as a compromise between maximising captures and minimising stress on recaptured animals, based on the previous experience of the authors. A longer trapping period also increases the chances of immigration and/or emigration of animals, and results in less reliable population estimates (Gurnell and Flowerdew 1982; Krebs 1999) . Traps were checked once each day, from dawn onwards.
Prior to use, all traps were cleaned thoroughly and washed in detergent ('Sunlight' brand), and replaced whenever an animal was caught that had soiled the trap. This meant taking double the number of traps in the field, and washing traps almost every other day. Each trap was checked thoroughly for correct and sensitive functioning before and during trapping sessions. Bedding was always used in winter, as well as spring and autumn if temperatures were cool or if rain appeared likely. This bedding also enabled a nimals to make nests and occupy themselves while captured, and this appeared to reduce any stress -they behaved more calmly when the trap was checked, and had defecated and urinated much less in the trap than animals with no bedding. A generous handful of crumpled-up dry Eucalyptus leaves and cotton wool was used. Traps were placed in plastic bags in winter and when rain appeared likely.
A standard bait of rolled oats, peanut butter, and honey was used and care was taken to handle both the bait and traps with clean hands. Different people cleaned dirty traps and set replacement traps. Cage traps and red fox Vulpes vulpes and spot-tailed quoll Dasyurus maculatus scats, handled as part of related research, were kept remote from Elliott traps, and hands were washed thoroughly between handling the two.
Each trap was set within 2 m of the predetermined grid location, at the most suitable microhabitat position. In most cases this was a runway, especially those that were obviously more frequently used, where several runways intersected, or where the runway was particularly enclosed and would funnel animals towards the trap. When traps were set on runways, they were placed at right angles with the entrance opening onto the runway, and where possible the back of each trap was embedded into dense vegetation, rather than the usual technique of placing the trap longitudinally in the runway. As each trap was placed, the leaf litter was scraped aside and a level spot scuffed by foot, so that the trap would be flat, very stable and flush to the ground. Traps were also set near logs wherever possible, in particular large hollow logs, and traps were preferentially set at the end or inside logs, or where limbs formed a bridge down to the ground and where logs connected to a well-used runway on the ground.
The density of animals per site was calculated using the minimum number of animals known to be alive (MNA), and adding a buffer strip of ½ the average distance moved by that species at that site to the outside of the grid when c alculating the area trapped (see Krebs 1999) . As MNA underestimates population size ( ibid) and the small grid size minimized overlap with adjacent home ranges, it is unlikely that the calculated densities were overestimated.
Trapping Outcomes
Record numbers of A. stuartii and R. fuscipes were found (Tasker et al. 1999; Tasker unpubl. data) . The overall trapping rate in our study was 36 %, with much higher rates (50 %) recorded in ungrazed sites 79 which had a dense shrubby understorey, than in open grassy grazed sites (21 %).
Trapping success increased with each successive day (Fig. 1) , probably reflecting an initial neo-phobic response to the traps that was overcome with time. This increase was consistent across sites and seasons, as indicated by the strongly positive Kendall coefficients of concordance, which were significant for all but one of the sites ( Table 1 ). The Kendall coefficient of concordance measures the degree of agreement between several sets of rankings, and all procedures were carried out according to Siegel and Castellan (1988) . Less abundant species and those less prone to capture in Elliott traps required more trapping effort to be detected than common species (Table 2) .
Factors Affecting the Results of Elliott Trapping
The probability of an animal being caught in a trap is in effect the result of three different probabilities; first -the efficiency of the trap, second -the chance that the individual will come across the trap, and third -the response of the individual to the trap (Stoddart 1982) . These are in turn affected by the factors considered below.
Spacing
The trap spacing used in small mammal surveys in Australia is generally 10 -25 m (for summary see Read et al. 1988 ), but may be as little as 5 m (Stewart 1979) or as much as 50 m (Statham and Harden 1982) . Traps must be far enough apart to sample the home ranges of numerous animals and to minimize edge effects (Smith et al. 1975) , but close enough that every animal in the site is likely to have at least one trap within its home range, and thus can be caught (Flowerdew 1976) . If the density of animals in an area is high, increasing the sampling intensity will significantly increase the estimated density of animals (Gurnell 1976) . The corollary of this is that widely spaced traps may underestimate the population size, as a result of there being inadequate "effective" traps, traps too far apart for some animals to detect them, competition for traps, or behavioural exclusion. For example, Kikkawa (1964) found population estimates were unreliable with large trap spacing. The ideal density of traps is dependent on the home range sizes and population density of the study animal (Tew et al. 1994) . Trap spacing can also strongly influence apparent home range (Faust et al. 1971) .
The importance of not spacing traps too far apart is illustrated by the trapping results of Madsen and Shine (1999) working on dusky rats Rattus colletti in coastal floodplains in the Northern Territory. They recaptured 90 % of individuals in either the same trap or an adjacent one (10 m away), both wit hin and between trapping sessions, which suggests that the home range sizes of R. colletti on the floodplains are very small. In this case, if traps had been placed much further apart the abundance of animals may have been dramatically underestimated, even if multiple traps were placed at each trapping point.
Apparent low movement between traps may also result from an animal's limited 'recognition distance' i.e., how far away an animal can detect a trap (Smith et al. 1975) . These authors state that for species in forests of the southern USA, this distance is 2.9 m, a mere 20 % of the usual trap spacing that had been used in the region, nevertheless they recommend 15m between traps as an appropriate compromise for most common species. Apparent recognition distance may also result from dominant individuals depressing activity levels and space-use by conspecifics occupying the same area, a pattern documented in R. fuscipes (Woodside 1983) . Thus it can be seen that it is important to have sufficient traps, and sufficiently closely spaced, to capture the majority of animals present in an area.
The majority of Australian studies have placed a single trap at each trapping point, but it is recommended that, at the least, additional traps be put out if capture rates are very high, so that at least 20 % (Southern 1973 (Gurnell and Flowerdew 1982) .
Other studies have set traps at a sub-set of potential trap stations for one or two nights, before moving the traps on to the next sub-set of points (e.g., Hall and Lee 1982; Dickman 1986). There are apparently no published Australian studies on the effects of using different trap spacing.
Local Placement
Trap placement plays an important role in determining how many animals, and which individuals, will be caught, and yet little has been published on this subject (Gurnell and Langbein 1983) . Stewart (1979) , Gurnell and Langbein (1983) and Jones et al. (1996) strongly recommended that within the framework of a predetermined grid, traps should be placed in the most suitable position close by, so that animals would encounter traps during normal activities. If there is a particular target species, knowledge of its behaviour and choosing appropriate spots greatly improves trapping success (Dickman 1980; Sutherland 1996) . For example, attaching traps to tree trunks has been successfully used for scansorial species including the sub-tropical antechinus A. subtropicus and fawn-footed melomys Melomys cervinipes (Laurance 1992; Wood 1970 Wood , 1971 ; as well as A. stuartii (Steeves 1990) . But what makes one trapping position better than another?
Firstly, traps placed on runways or tunnels of trodden down vegetation or flattened leaves, especially those that pass through thick undergrowth, catch more animals (Gurnell 1976 found that voles (Microtus spp) in Finland lay scent along trails to signal to others.
Secondly, traps set where there is more cover are likely to catch more animals, including R. fuscipes, dusky antechinus A. swainsonii (Stewart 1979) , agile antechinus A. agilis (Dickman 1980; Sutherland and Predavec 1999) , A. stuartii (Statham and Harden 1982; Dickman and Woodside 1983 ; this study) and R. lutreolus (Norton 1987; Monamy and Fox 1997) . Placing the trap beside or close to a log or at the base of a tree, especially a large tree with lots of crevices, hollows, or buttress roots also improves trapping success (e.g., Fletcher 1977; Dickman and Woodside 1983; this study) . This pattern has also been documented for northern hemisphere species (e.g., Gurnell and Langbein 1983; Drickamer 1990 ). Gurnell and Langbein (1983) caught many more wood mice Apodemus sylvaticus and bank voles Clethrionomys glareolus in traps set in dense shrub cover; however when these traps were removed, although some of the same animals were then caught in traps set in the open, many of the individuals were never caught in the traps set away from cover. This led the authors to conclude that badly positioned traps would not capture many of the animals in the immediate area.
We have noted that placing the trap at right angles -and opening onto -a runway, appears to maximize the chances of an animal entering a trap, and to minimize empty sprung traps. This technique is particularly successful if the rest of the trap is pushed firmly into a flat spot cleared by foot within a clump of vegetation, as this prevents the animal from climbing all over the trap, or trying to get into it from the sides during the initial period of trap investigation, which is often quite prolonged (see Kikkawa 1964; Gurnell 1976) . also found that animals often tried to get into the trap at the rear closest to the bait rather than the entrance; in such cases if a trap is unstable it will be more likely to close when investigated from outside. Setting the trap at right-angles to the runway also intuitively maximizes the chances of an animal finding the entrance whichever way it is travelling along the runway. Traps embedded in vegetation are also more protected from the elements.
Duration of trapping
We observed a dramatic rise in the capture rate with each subsequent day of trapping (Fig. 1) -a wellknown pattern in small mammal trapping. This is thought to be a result of initial avoidance of new objects followed by cautious investigation (Kikkawa 1964; Crowcroft 1966; Gurnell and Flowerdew 1982) , with most individuals gradually becoming confident enough to enter traps. For example, Hurst and Berreen (1985) observed that in the first night of trapping 93 % of traps were investigated and marked, but only 56.5 % caught animals, and found that only 50 % of approaches to Sherman traps resulted in captures, although many traps were thoroughly investigated. This neophobic response has implications for short -term trapping programs that endeavor to determine abundance or demographic parameters of a particular population but only trap on a single occasion or for very few nights.
In addition to this, trapping duration also has consequences for detection of less common species. In our study, species such as the rare Hastings River mouse Pseudomys oralis, and locally uncommon A. swainsonii (Table 2 ) both required over a thousand trap nights before the first individuals were captured. This has ramifications for rapid regional surveys, which typically trap a site on a single occasion for 3 -4 nights with 15 -25 traps per night (e.g., NSW NPWS 1994; FCNSW 1995) . Such trapping is often intended to 'target' rare species, when in reality the rarer a species, the more trap-nights will generally be required to detect it. As there is, however, increased physiological stress on recaptured animals with each successive night they are caught, it is recommended that if more than 3 -4 nights of trapping are to be carried out, the traps are closed approximately every third night to allow the animals to recover.
Odours: conspecifics, sympatric species, predators and humans "Odour plays a major role in the regulation of mammalian social behaviour" (p. 323, Daly et al. 1980 ) and the sense of smell of rodents and many other small mammals is vastly more sensitive than a human's. Thus it is not surprising that the way a trap smells significantly affects what it catches. Odours that potentially influence trap response may be classified into four main categories: conspecifics, similar-sized sympatric species, predators, and those of human origin. Whilst there has been relatively little work on olfactory communication in Australian small marsupials, it is thought that because they have a very similar olfactory system to eutherian mammals, and are in general nocturnal, that communication by smell is probably more important than visual communication (Croft 1982; Russell 1985) . Various kinds of scent marking behaviour have been observed in dasyurids (Croft 1982) .
Both conspecific and heterospecific odours of animals that occupy similar niches have been demonstrated to affect capture success. The effects are complex though, and depend on the species, sex, breeding status, dominance, and/or age of both the animal that is the source of the scent, and of the animal responding (Wuensch 1982; Brown 1985) .
Dirty or scented traps may catch more animals sooner, at least in certain seasons (Boonstra and Krebs 1976; Dickman and Doncaster 1984) , have no apparent effect (Monamy 1996) , or may deter many animals from entering the traps, and thus result in a dramatic underestimate of the population. For example Stoddart (1982) , in a study on the shorttailed vole Microtus agrestis, trapped constantly until the number of unmarked animals being caught had dropped to low levels, re-using traps without washing between captures. The estimated population size using the Lincoln estimate was 56.9 animals. He then immediately followed with two periods of trapping where traps were washed between captures, and both times observed a surge in the number of unmarked voles entering the traps. Captures were not higher in the peripheral rows of traps indicating that this was not due to immigration. The resulting estimate of population size was 107.1 animals, more than 60 % higher than the original estimate.
Dirty traps can also introduce considerable bias in which animals decide to enter traps and are thus caught, thereby distorting demographic data such as sex ratios, age structure, proportion of transient individuals, as well as potentially affecting estimates of home range and population density. Some studies have found that within a species, individuals were attracted to traps that smelled of the opposite sex (Mazdzer et al. 1976; Stoddart 1982; Drickamer 1984) or other conspecifics, especially neighbours (Owadowska 1999), but often this occurred only when they themselves were in reproductive condition (Daly et al. 1980; Heske 1987) . In contrast, animals may instead be attracted to the scent of animals of the same sex and breeding condition as themselves (Gurnell and Little 1992) , and may show the strongest preference for traps that they themselves had previously been caught in, even when the trap has been moved to minimize any effect of position (Stoddart 1982; Gurnell and Little 1992) . Effects of age or dominance have also been documented. For example, Summerlin and Wolfe (1973) found that dominant individual cotton rats Sigmodon hispidus were more active and went into traps sooner than low-ranking individuals; the latter also avoided traps smelling of conspecifics, whereas other dominant males were attracted to these odours. In another study on the effect of scented traps (Wuensch 1982) , male house mice Mus musculus were attracted to dominant-scented traps, but avoided subordinatescented traps, whilst females avoided dominantscented traps but showed no other preferences. Beacham and Krebs (1980) also found that smaller animals were less likely to enter traps in any case and that certain individuals simply never went into traps (also see Crowcroft 1966).
Remnant scent of one species on a trap may lead to avoidance or attraction to the trap by sympatric species (Daly et al. 1980; Drickamer 1984; Drickamer et al. 1992 ) depending on the species involved. However, this may depend on the sex of the responding animal (Wuensch 1982), or its reproductive condition (Daly et al. 1980) . The influence of the scent of a competitively dominant sympatric species is likely to be important for many Australian small mammals. For example both A. swainsonii and R. fuscipes are dominant over A. agilis and A. stuartii (Dickman 1986; Banks and Dickman 2000) , A. stuartii competes strongly with S. murina and dominates it (Fox 1995; Righetti et al. 2000) , R. lutreolus dominates R. fuscipes (Maitz and Dickman 2001) and the eastern chestnut mouse Pseudomys gracilicaudatus (Higgs and Fox 1993) , and R. fuscipes will even kill and eat house mice Mus domesticus (Woodside 1983). However, there appears to have been only one published study in Australia specifically examining olfactory interactions between competing species and their effect on trap response. Dickman (1991) found that both the subordinate A. agilis and dominant A. swainsonii avoided traps impregnated with odour of the other species, but were attracted to traps smelling of conspecifics.
We observed frequent marking of both occupied and empty traps with urine and faeces. Rats and mice often mark unfamiliar o bjects or objects given a 83 novel smell with urine, particularly if they smell of other rodents (Brown 1985) . Many dasyurids also scent-mark objects, especially new objects (see review in Croft 1982). Such marking may function as territorial marking, a sexual attractant, orientation / navigation markers for the resident, or as an indicator of the individual's identity and features. Braithwaite (1974) found that dominant male A. subtropicus marked more than sub-ordinate individuals, and suggested this may function as a threat.
Therefore, for any study that aims to do more than catch the most common species and dominant individuals, this potential source of bias should be considered. In fact, Stoddart (p. 376, 1982) stated that "…trap odour is a component of trappability which cannot be overlooked in any live-trapping programme." Using soiled traps can clearly violate the assumption of equal trappability present in most methods of density estimation (Heske 1987).
Small mammals have been clearly shown to respond to the smell of predators, and will avoid areas with predator odour including predator-scented traps (e.g., Stoddart 1976; Dickman and Doncaster 1984) particularly if they are preyed upon by that predator (Dickman 1992; Drickamer et al. 1992) . When there is predator scent present, prey may also become less active and conspicuous (Kats and Dill 1998) . Despite this we have observed survey personnel in other studies collecting predator scats (for later diet analysis) in Elliott trap carry containers, and keeping predator scats with Elliott traps and/or bait. Dickman (1992) found that M. domesticus responded to V. vulpes and cat Felis catus odour more strongly than to western quoll D. geoffroyi odour, perhaps because mice have coevolved with those predators, or because the former species were more abundant. R. fuscipes and A. agilis are commonly eaten by V. vulpes (Green and Osborne 1981) , however Banks (1998) found no avoidance of fox-scented traps by either R. fuscipes or A. agilis, further suggesting that co-evolution may be influential, or that there may be a limited response to predator odour in these species.
There have been few studies on the effect of strong anthropogenic odours on trap response, and certainly no comprehensive study, but intuitively strong smells such as insect repellant, smoke or the smell of a pet dog or cat may perhaps increase neophobic response to traps. Drickamer et al. (1992) found that Mus musculus avoided traps that smelt of human sweat, and of faeces from cats but not dogs. Shore and Yalden (1991) found no difference in the response of Ap. sylvaticus, yellow-necked mice Ap. flavicollis or C. glareolus to traps lubricated with mineral oil (which smells like paraffin) and traps lubricated with vegetable oil. Van Horn and Douglas (2000) found no difference in the capture rate of traps washed in disinfectant within eight hours of trapping, and those washed in disinfectant at least five days before trapping. However the study lacked a control (i.e., non-disinfected traps), had generally low capture rates (6 %) and very high variability. It is known from invertebrate pitfall trapping that some very strong-smelling but toxic compounds such as ethylene glycol (vehicle 'antifreeze') are very attractive to vertebrates, whilst others such as propylene glycol or quinine sulfate can be added to effectively keep vertebrates away from wet pitfall traps (Hall 1991; Marshall et al. 1994) . It would be generally advisable to avoid having strong smelling odours on hands e.g. insect repellent, while setting traps and especially handling bait, because of the potential to affect capture probability. Incidentally, in our study we asked volunteers who were smokers or who had recently applied insect repellent to wash their hands or at least rub them in soil or leaf litter to neutralize other smells. We stress though, that this was not tested in our study.
In summary, there is no single pattern in the response of small mammals to odour (Gurnell and Little 1992) , and this is not surprising. Odour may be thought of as a language rather than a single message, and thus it is unreasonable to expect all small mammals to respond to 'odour' in the same way. It is obviously important, though, to consider this aspect of any small mammal trapping.
Other considerations
Although well-known to experienced fieldworkers, the stability of the trap on the ground should not be ignored. Traps should be set both flush to the ground and be very stable (Gurnell and Flowerdew 1982) to minimize the hesitation of a cautious animal. As discussed above, many more individuals investigate traps than enter them and small mammals generally spend considerable time investigating a trap -climbing on it, sniffing it, and making multiple cautious forays into the trap before they are actually caught (Kikkawa 1964; Crowcroft 1966 ). An unstable trap is more likely to frighten an animal off, or to close during investigation. Scraping away leaf litter and scuffing a flat spot on the bare soil as standard procedure ensures that this aspect is optimized.
Additionally, the sensitivity of many small mammal traps, including Elliotts, can be adjusted by modifying the treadle tension. The sensitivity of traps will affect which animals are caught (Sealander and James 1958; Gurnell and Flowerdew 1982) , with smaller, lighter animals being missed more often if the treadle is stiff. We also observed that very cautious species, such as M. cervinipes, often entered the traps, chewed the bait and defecated in the traps, for several days before they were caught. When we increased the sensitivity of the traps, the animals were caught.
Finally, the choice of bedding material may significantly enhance the comfort a nd survival of captured animals in inclement weather. For example, Green and Osborne (1981) , trapping above the snowline in Kosciuszko National Park, impressively had no trap deaths in over 13 months. They used coconut fibre as bedding, and noted that most animals made nests in this.
Conclusions
It can be seen that various factors, some of which have generally been overlooked in Elliott trapping, may have a significant impact on the outcome. As Gurnell and Flowerdew (p.1, 1 982) point out "Trapping small mammals is as much an art as a science." While we recognize that there is a trade-off between how much trapping can be done, and the time that is taken with each trap, many of the measures we suggest can be implemented without any significant increase in the time taken. Other measures, such as whether to replace traps between captures, may play such a crucial role in what is caught that they must be considered if a demographic study is planned, even if this means that more time must be taken.
We conclude with a suggestion that in general researchers should report more explicitly how their trapping was carried out. We hope that this in turn may stimulate experimental studies on the farreaching consequences of choice of trapping technique. The influence of trap placement, trap spacing, and the presence of odours of conspecifics and competing species on trapping studies in Australia, have been neglected in the past, and would be particularly productive areas for future research.
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